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ABSTRACT 
EVALUATION OF NATURAL REMEDIATION FOLLOWING THE OCCURRENCE 
OF A CONSTRUCTION-RELATED SEDIMENT PLUME AT 
CAMP SHELBY TRAINING SITE, MISSISSIPPI 
by Ian Eli Floyd 
August 2010 
This study is a comprehensive look into the response and recovery of an 
anthropogenic induced sediment infill of a bottom land hardwood wetland at Camp 
Shelby Training Site (CSTS) in Perry and Forrest Counties, Mississippi. Lack of 
sediment control structures (sediment fences and matting), combined with high rainfall, 
Jed to erosion within and around the Multi Purpose Range Complex-Heavy (MPRC-H) 
during its construction. Deposition of sediment effected approximately 20.2 hectares of 
wetlands that have been monitored since the event occurred in 2005. To better 
understand the recovery process, the study area was compared to the Cypress Creek 
Mitigation Area (CCMA) that has similar, but natural environmental characteristics. 
Groundwater geochemistry and infiltration rates were measured and compared to 
determine the effects of the sediment in fill on the MPRC-H wetland. The geochemical 
results show increases an in the MPRC-H wetlands with the elements: calcium, 
manganese, silica, sodium, and sulfur. The infiltration measurements for the CCMA 
have an average rate of 12.45 mmlhr with the MPRC-H wetland infiltration rates 
averaging 2.7 mmlhr. The data also reveal that three major wetland functions were 
disrupted due to the infill: 1) the ability to retain minor and trace elements, 2) maintaining 
subsurface hydrology, 3) and the ability to slow and retain floodwaters. The plume was 
11 
remapped in 2009 to compare to the 2005 plume and there was a 39% decrease in aerial 
extent d4e to natural erosional processes. In 2005, the average plume thickness was 6.4 
em, and by 2009 that amount had changed to 2.7 em, which is a 30% decrease. These 
data will enable wetland managers and scientists to better understand the impact of 
sediment infill and how they translate to the decrease or increase in wetland function. 
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CHAPTER I 
INTRODUCTION 
The importance of wetlands has become increasingly recognized over the last 
few decades. Wetlands play an important role in ecosystems for three reasons: water 
storage, water filtration, and biological productivity (Sun et al., 2002). Many 
different government and private agencies have defmitions for wetlands, but for the 
purpose of this thesis only the United States Army Corp of Engineers (US ACE) and 
United States Environmental Protection Agency (USEPA) definition will be used in 
the classification of wetlands. These agencies are the governing bodies, in the United 
States for the protection and management of wetlands established in the Clean Water 
Act of 1977, Section 404 (Environmental Protection Agency). The USACE and 
USEP A define wetlands as "those areas that are inundated or saturated by surface or 
ground water at a frequency and duration sufficient to suppot1, and that under normal 
circumstances do support, a prevalence of vegetation typically adapted for life in 
saturated soil conditions. Wetlands generally include swamps, marshes, bogs, and 
similar areas," and these agencies determine the existence of wetlands by three 
criteria: I) vegetation, 2) soil, and 3) hydrology. When any of these three criteria are 
altered it can affect the function of wetlands, which can lead to many environmental 
problems like a decrease in habitat, decrease in containment filtration, and loss of 
flood control. 
This thesis is a comprehensive look into the response and recovery of an 
anthropogenic-induced sediment infill of bottom land hardwood wetlands at Camp 
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Shelby Training Site (CSTS) in Forrest and Perry Counties, Mississippi. During the 
construction of the Multi Purpose Range Complex-Heavy (MPRC-H), in 2004 the 
insufficiency of sediment control structures (sediment fences and matting), combined 
with high rainfall, led to erosion within the range and deposition of sediment into the 
wetlands of Davis Creek basin, Popular Creek basin, Dry Prong Creek basin and 
Black Creek (Figure 1). The Davis Creek basin was the only area outside of the 
MPRC-H effected with infill sediment. It was determined to allow the wetland to 
mitigate itself naturally instead of using some type of anthropogenic remediation. 
Shortly after the event, in 2005, sediment thicknesses were measured in the area 
outside of the MPRC-H and the damage was documented with photos (Dye and 
Allen, 2005). The areas outside the range were divided into four sections (0 I, 02, 
03, 04) that span 17.2 hectares of wetland with new sediment deposits ranging in 
thickness from 6 to 14 em (Figure 2). In response, proper sediment control structures 
were installed and these have been successful in keeping erosion to a minimum. Due 
to the fact that the erosion has been controlled, Davis Creek Basin has provided a 
study area to determine the effects the infill sediment has had on the wetlands, along 
with recovery time. 
After the initial 2005 study was complete it was concluded that the erosion 
event was the product of a several internal and external factors: I) there were no 
buffer zones located around the wetlands, 2) on many of the steep slopes erosion 
control stmctures were not in place, 3) large amounts of precipitation, and 4) a failure 
to maintain the sediment control structures leading to extensive erosion of the 
construction infill sediment within the MPRC-H (Dye and Allen, 2005). 
The importance of wetlands at Camp Shelby Training Site, among other 
locations aro~d the world, necessitates an understanding of the effects this 
construction-related sedimentation event has had on this wetland. An understanding 
of the natural response that has occurred within this wetland can serve as a template 
for future studies to determine if natural or anthropogenic remediation is more 
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beneficial. This thesis will also describe the wetland functions that were disrupted as 
a result of the sediment infill. This study should contribute to better management 
practices for sediment infill wetlands, the associated effects, and understanding the 
steps wetlands undergo during natural remediation. 
Figure 1. Drainage basins within the MPRC-H. 
(Modified from Dye and Allen, 2005). 
Adversely affected wetlands outside of the 
MPRCH construction area 
"' 
~_...,._.._~.OI.bJdt~theCoMtruction/wN II'RCH 
-N -
Figure 2. Area outside the MPRC-H that was affected. 
(Modified from Dye and Allen, 2005). 
Purpose and Scope 
The objectives of this thesis are to: 
s 
I. Map the changes in size and thickness the sediment plume has undergone 
since the 2005 field study; 
2. Determine ifthe fluvial and overland mnoff processes have removed any of 
the constmction infill sediment from the wetlands; 
3. Evaluate any changes that have occUlTed within the MPRC-H wetland since 
the 2005 study; 
4 
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4. Determine if any of the functions of the MPRC-H wetland were disrupted by 
the sediment infill by using the hydrogeomorphic (HGM) Classification 
approach, and; 
5. Use the Cypress Creek Mitigation Area (CCMA) as a reference wetland to 
serve as a natural comparison to evaluate function of the MPRC-H wetland. 
6 
CHAPTER II 
ENVIRONMENTAL SETTING 
CSTS Location and Land Use 
Camp Shelby is located within portions of the Desoto National Forest in 
Forrest and Perry Counties, Mississippi (Figure 3). The study area is adjacent to a 
Multi-Purpose Range Complex- Heavy (MPRC-H) (Figure 4), which is used by the 
armed forces as an M-1 Abrams, Bradley, and attack helicopter range. The CSTS 
covers around 57,000 hectares ofland and is located about 4 kilometers south of 
Hattiesburg, Mississippi (Patrick et al., 1994; Patrick et al. , 2004). Due to the size, 
faci lities, and location the CSTS is used by all branches of the armed forces. Because 
of the amount of training activity in the area there has been a need for constmction 
and expansion to implement more modem military training sites and facilities. The 
area that will be used as the reference wetland to conduct the function comparison is 
the Cypress Creek Mitigation Area (CCMA), which is a large wetland located within 
CSTS that is used by the Mississippi Army National Guard as a wetland mitigation 
bank (Figure 5). 
~ 0 
:t • ,. .. ·--· 
---
' 
- c.... Stwt»v n,....,. s-; .. 
YI\V\~(~w~ 
Figure 3. Location of Camp Shelby Training Site (CSTS). 
MPRC-H Location 
Legend 
] MPRC-H Construction Box 
(::J CSTS Boundary 
0 4,000 8,000 16,000 Meters 
Figure 4. Location ofMPRC-H withjn CSTS (2004 Color Infrared Imagery). 
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N 
-i-
Legend 
, - - CSTS Boundry 
.. Cypress Creek Wetland 
0 4.050 8.100 16.200 Meters 
Figure 5. Location ofCCMA (in red) within the CSTS (2004 CIR Imagery). 
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Because of the large number of aerially extensive ranges and facilities located 
within the CSTS (Table 1 ), in conjunction with the erodibility of a majority of the 
soils, it is important to manage land-use land-change (LULC) properly. When best 
LULC practices are not implemented, erosion can occur from upland into stream 
valleys, which more often than not contain wetlands within the CSTS. 
Table I 
A List of Some of the Ranges and Facilities Used at CSTS and Their Function 
Range Name 
East Air to Ground 
C- 17 Air Assault Strip 
Range 43 
Range 45 
MATES 
Range Function 
Bombing and targeting range for various 
aircraft. 
An air assult landing strip for cargo 
planes. 
Small arms and mortar range. 
A small atms firing range. 
An equipment and storage facility. 
C limate 
According to the Koppen climate classification, the CSTS area can be 
classified as a humid subtropical climate (Hudson and Espenshade, 2002). Southem 
Mississippi generally has shmt winters with average temperatures rarely falling below 
12oc with long hot summers with maximum temperatures reaching in excess of37°C 
(Barber, 2006). The average yearly rainfall can range from about 150 to 200 
centimeters, with seasonal changes in wind speed and direction (Barber, 2006). 
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Physiography and Drainage 
Camp Shelby Training Site is located within the Leaf-Pascagoula River 
catchment, and is positioned between the Leaf River to the north and Black Creek to 
the south; it is found within the Gulf Coastal Plain Physiographic Province and within 
the Pine Hills sub-province (Foster and McCutcheon, 1941; Priddy, 1960). CSTS 
may be described as gently rolling hills dissected by streams, most of which drain to 
the southeast, parallel to the dips of the underlying beds (Foster and McCutcheon, 
1941). A cuestas acts as the divide between the Leaf River and the Black Creek, 
which has been dissected by multiple tributaries and has topographic relief of about 
90 meters (Foster and McCutcheon, 1941). 
Tributaries of the Leaf River and Black Creek influence a majority of Camp 
Shelby by heavily dissecting the landscape (Figure 6). The stream drainage divides 
are controlled by cuestas that trend NNW-SSE with the drainage to the Leaf River 
(north) characterized by a steeper gradient than the Black Creek to the south. The 
Leaf River and Black Creek flow into the Pascagoula River south ofCSTS, which 
flows into the Gulf of Mexico. Dominant features seen along the Leaf River are 
terraces, which can also be seen along some of the smaller tributaries within CSTS. 
The fonnation of terraces can be linked to many processes, such as sea level rise and 
fall, along with neotectonics. The terraces that are present within the CSTS are likely 
a product of both. 
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Legend 
0 4.300 8.600 17.200 Meters 
Figure 6. Stream dissection and density at CSTS. 
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Surface Geology 
The oldest unit relevant to wetlands at CSTS is the Hattiesburg Formation, 
which is mainly composed of fine-grained sediments. The Hattiesburg Formation is 
generally only seen at the base of stream beds within the CSTS, and is thought to be 
formed by fluvial and shallow marine processes (May et al., 1995; Patrick et al. , 
2004). In the subsurface this unit has interbeds of sand and clays that contribute to 
the formation of wetlands within the CSTS. The clays that are found in the 
Hattiesburg are composed primarily of the mineral smectite, which decreases the 
permeability of the clay sections, allowing wetlands to form on these perched 
watertables (Adamczak, 1986; Meylan and Li, 1995). Situated above the Hattiesburg 
Formation is the Plio-Pleistocene Citronelle Formation which dominates a majority of 
the CSTS (Table 2; Figures 7-8). The Citronelle is composed mainly of coarse-
grained sediment and is the primary erodible unit within the CSTS. 
Table 2 
General Stratigraphic Column for the CSTS 
Era System Series 
Quatemary Holocene 
Cenozoic 
Pleistocene 
Tettiary Miocene 
Formation 
Undifferentiated alluvium 
Upland Complex (Citronelle 
Fonnation) 
Hattiesburg Fonnation 
Catahoula Formation* 
• Does not outcrop within the CSTS and has no affect on the wetlands within the 
study area. 
0 :::vprPS! C t ( Sa1 Dorre 
Jfld i'eri!n:r;~l.¥1 A tJ n.~ 
L!:- ~ r1 CompJe( 
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Figure 7. Geologic map ofCSTS. 
(Modified from Patrick and Boyd, 2001). 
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Figure 8. Ca11oon cross-section of sediment deposits within portion of the CSTS 
(Copied from Li and Meylan, 1994). 
Geologic Setting 
The CSTS lies within the southem portion of the Mississippi Salt Basin, 
which is the largest of multiple salt basins located within the onshore and offshore 
Gulf Coast (Montgomery and Ericksen, 1997). The Mississippi Salt Basin covers a 
majority of the southern portion of the Mississippi Embayment, a large southward-
dipping syncline. The study area is flanked to the south by the Wiggins Arch, and is 
situated over a pot1ion of the Cypress Creek Salt Dome located under the CSTS 
(Figure 7). The Cypress Creek Salt Dome influences the local topography due to salt 
dissolution of the cap rock (Law Engineering Testing Company, 1982; Gupta et al. , 
1985). Cypress Creek flows over the salt dome depression fonning a large swamp 
area that is used by the Mississippi Army National Guard as a wetland mitigation 
bank and is called the Cypress Creek Mitigation Area (Law Engineering Testing 
Company, 1982; Gupta et al., 1985). 
Regional Vegetation 
15 
The regional vegetation in southem Mississippi is dominated by various types 
of pine trees. The dominant pine species are sh01tleaf, loblolly, and longleaf. Not all 
vegetation is limited to pines; some hard woods are mixed within including oak, 
hickory, dogwood, and black gum. The main vegetation that dominates the study 
areas within the CSTS are Black Gum (Nyssa sylvatica), Sweet Bay (Magnolia 
virginiana), Loblolly Pine (Pinus serotina), Pitcher Plants (Sarracenia spp), Southem 
Magnolia (Magnolia grandiflora), Ashes (Fraxinus pennsylvania and Fraxius nigra), 
Water and Live oaks (Quercus nigra and Quercus virginiana), Wax myrtle (Myrica 
cerifera), and Longleaf pine (Pinus palustris) (Boyd, 1998). 
Regional Soils 
There are numerous soil types located in the region with most of them 
occurring within the CSTS. The upland soils located at CSTS are subject to wetting 
and drying which lead to the formation of hardpans, with the common types ranging 
from Typic and Ye1tic Paleudults to Glossic Fragiudults (Boyd, 1998). The wetlands 
at CSTS are dominated by Typic Fluvaquents, Thermic and Typic Medisaprists, and 
Typic Paleaquults (Boyd, 1998). 
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CSTS Wetlands and Classification 
AJI wetlands share a number of traits including; hydric soils, hydrophytic 
vegetation, and seasonally long periods of saturation (Klimas et al. , 2008). Although 
they all share these common traits, wetlands occur in a wide variety of geologic, 
climatic, and physiographic surroundings and have a wide range of chemical, 
physical, and biologic activities and processes occurring within them (Cowardin et 
al. , 1979; Mitch and Gosselink, 1993; Klimas et al., 2008). The variability of 
wetlands introduces difficulty for timely and accurate assessments. Many wetland 
assessments methods are "generic" in nature so they are difficult to use on a level 
specific enough to show changes in function (Klimas et al., 2008). Because of this it 
is imp01tant to use a wetland assessment that classifies the wetland based the 
functions they perform (Smith et al., 1995). For the pwpose of the study, the 
hydrogeomorphic (HGM) classification for wetlands will be used. The HGM 
classification is based on three components: I) geomorphic setting, 2) source and 
transportation of water, and 3) the hydrodynamics (Brinson, 1993). Geomorphic 
setting is based on the topographic position of the wetland within the surrounding 
landscape. The source and transport of water refers to where the water originates 
from: 1) precipitation, 2) surface flow, or 3) groundwater. Hydrodynamics refers to 
the strength and direction of water flow through the system. Brinson (1993) 
described five classes of"generic" wetlands based on the HGM approach, with Smith 
et al. (1995) adding two more (Table 3). There are many other classification systems 
that are important in conducting wetland studies but are either site specific or focus 
on other wetland criteria. 
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Table 3 
Generic Hydrogeomorphic Wetland Classes with Their Definitions 
-HOM Class 
- . * Depresston 
Tidal Fringe 
Lacustrine 
Fringe 
Slope* 
Mineral Soil 
Flats 
Organic Soil 
Flats 
Definition 
These wetlands occur in topographic depressions. The potential 
water somces for these wetlands are precipitation, overland flow, 
fluvial, or groundwater from uplands. 
They occur along coasts and estuaries and are influenced by sea level. 
The somces of water range from tidal (seaward) to riverine 
(landward) along with groundwater and precipitation. 
Lacustrine fringe wetlands are found in areas surrounding lakes where 
the lake maintains the water level of the wetland. Other sources of 
water are precipitation and groundwater flow. 
Are found in areas where groundwater discharges to the surface 
where there is no indication of channel formation. They occur on 
land that is sloping and can have slight or steep grades. The dominant 
source of water is groundwater flow, with precipitation a secondary 
source. 
These are geomorphic environments where the main source of water 
is precipitation (interfluves, relic lake bottoms, large floodplain 
terraces). The main distinguishing factor from depression and slope 
wetlands is the absence of groundwater flow. 
Are different from mineral soil flats because their elevation and 
topography are controlled by vertical accretion of organic matter. 
The foremost source of water is precipitation. 
Riverine* Are found in fluvial floodplains and riparian areas. The main water 
source is overbank flow from the stream channel. Other sources may 
be interflow, overland flow from uplands, other input from adjacent 
streams, or precipitation. In lower order portions of streams riverine 
wetlands can sometimes be morphed with other types of wetlands to 
include; slope, depressional, flats, or uplands until the channels 
disappear. 
(Asterisk indicates wetlands that are found at CSTS · modified from Wilder and 
Roberts, 2002) ' 
Wetlands have been found to cover over 6000 hectares of CSTS, most of 
which are riverine and slope wetlands (Mink et al., 1998; Patrick et al. , 2004) (Figure 
18 
After the site visits and the data were collected it was determined that both the 
9). 
MPRC-H wetland and CCMA are low gradient riverine wetlands. These are also 
known in the southern U.S. as bottomland hardwood wetlands. This was determined 
from several HGM low gradient riverine wetland criteria: 
I) Both of the wetland sites have wide relatively large floodplains, 
2) The floodplains have low slopes, 
3) The major source of water is fluvial, 
4) Surface water travels to the stream channel via groundwater-through flow, and 
5) The low-gradient nomenclature was determined from the lack of natural levee. 
Figure 9. Map of the general extent of wetlands located within CSTS 
(the dark color indicating wetlands). 
(Modified from Patrick and Boyd, 2001). 
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CHAPTER III 
WETLAND FUNCTIONS AND VALUES 
Function of Wetlands 
Brinson (1993) defines ecosystem function as the "processes that are 
necessary for the self-maintenance of an ecosystem such as the primary production, 
nutrient cycling, decomposition, etc. The term is used primarily as a distinction from 
values. The term "values" is associated with society' s perception of ecosystem 
function. Functions occur in ecosystems regardless of whether or not they have 
values." So with this rationale this study will negate the "value" of wetlands to 
society and focus on the function the wetland has within an ecosystem. In the HGM 
approach each one of the generic wetland classes in Table 2 has a specific set of 
functions it performs. Within the CSTS the three wetland classes seen are 
depressional, riverine, and slope, with a vast majority of the wetlands riverine (Table 
4). The functions that are of importance at CSTS will be looked at in detail in the 
following subsections. After the subsections, tables will be shown of model 
variables, which were development for the Regional Guidebook for Conducting 
Functional Assessments of wetlands, which was conducted by the US ACE (Wilder 
and Robetts, 2002). These variables are used to assess the function of a wetland. 
Table 4 
Classes of Wetlands Seen at CSTS and Their Function 
Wetland Class 
Depression 
Functions 
Detain floodwater, subsurface water storage, 
biogeochemical processes, maintains plant and wildlife 
community. 
Table 4 (continued) 
- Wetland Class 
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Functions 
Detain floodwater, maintain subsurface 
hydrology, cycle nutrients, remove and 
sequester elements and compounds, 
retain particles, export organic carbon, 
maintains plant and wildlife community. 
Slope Cycle nutrients, remove and sequester 
elements and compounds, retain 
particulates, export organic carbon, and 
maintains plant and wildlife community. 
(Ainslie et al., 1999; Wilder and Roberts, 2002; Noble et al. , 2004) 
Detain Floodwaters 
The ability of wetlands to slow and store flood waters is a valuable function 
for ecosystem susta inability. This wetland reduces the velocity of the flood event and 
serves as a volumetric storage of the surface water, which reduces the peak discharge 
downstream (Wilder and Roberts, 2002). Along with the reduction of velocity comes 
the added benefit of reducing erosion downstream (Wilder and Roberts, 2002). When 
the wetland water velocity, is reduced sediment particles (organic and inorganic) fall 
out of suspension providing vegetation with nutrients and reducing the potential for 
water quality issues downstream (Mitsch et al. , 1979; James, 1985; Nicholas and 
Walling, 1996; Wilder and Roberts, 2002). This all occurs because of the flat slope 
of the floodplains and large surface area, which increases the area of the stream flow 
which in tum decreases the velocity. This is shown in the discharge equation: 
Q=VA where; 
Q is discharge (Uff), 
V is flow velocity (L!f), 
and A is cross-sectional area (U). 
This occurs because the velocity and area are inversely proportional so when one 
increases the other decreases. The large surface area of the wetland allows for 
evaporation of floodwaters and for it to infiltrate into the substrate as interflow and 
recharge the stream even after the flood event is over (Terry et al., 1979; Klimas et 
al., 2008). The model variables for this section can be seen in Table 5. 
Table 5 
Model Variables for Detaining Floodwaters 
Model Variable 
Frequency of flood 
event 
Log density 
Description of Model Variable 
How often the wetland is flooded during an overbank 
event. 
How dense fa llen trees are which relates to surface 
roughness. 
Small vegetation cover How much and what kind of small vegetation cover the 
Large vegetation 
density 
(Klimas et al., 2008) 
surface area of the wetland. Also relates to surface 
roughness. 
How dense is the large vegetation cover in the wetland. 
This relates to roughness higher up from the wetland 
surface. 
Maintain Subsurface Hydrology 
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Maintenance of subsurface hydrology is the ability of a wetland to accumulate 
and transport subsurface water (Wilder and Roberts, 2002). The sources of 
subsurface water at CSTS are precipitation, interflow, and overland flow. 
Maintaining natural subsurface hydrology is important for many different reasons. 
The first is that it ensures that the processes that maintain subsurface water 
characteristics continue so that biota can survive (Wilder and Roberts, 2002). When 
the subsurface hydrology maintains its natural characteristics it allows for the 
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baseflow and stormflow hydrographs to begin in numerous different areas (Wilder 
and Roberts, 2002). This has been shown to increase the structure and diversity in 
nearbY fluvial environments (Estes and Orsborn, 1986; Bovee, 1982; Stanford et al. , 
1996). The last impmtant reason is that during overland flow events, due to seasonal 
changes in the watertable, the pore space available allows infiltration of excess water 
(Wilder and Roberts, 2002). 
Wilder and Roberts (2002) give some examples of activities that can alter the 
subsurface hydrology; 1) Silviculture, 2) Agricultural tillage, and 3) Construction 
activities/surface mining (Table 6). This is import in this study because the MPRC-H 
wetland was impacted by fill material which can alter the natural characteristics 
(porosity, permeability) of the wetland. 
Table 6 
Model Variables for Maintaining Subsurface Hydrology 
Model Variable Description of Model Variable 
Subsurface water velocity The rate at which subsurface water travels through the 
wetland substrate to the wetland (throughflow). 
Permeability is a measure for this. 
Water table slope The slope of the water table from the uplands to the 
stream channel. 
Subsurface storage The amount of water the subsurface soil can hold. 
volume 
Water table fluctuations How the water level rises and falls through out the year. 
(Wilder and Roberts, 2002) 
Remove and Sequester Elements and Compounds 
This function is the ability of a wetland to permanently or temporarily remove 
metals, nutrients, and other elements/compounds that miginate from upland sources 
during flood events (Wilder and. Roberts, 2002). An important role in wetland 
vegetation is its ability to absorb and use these elements and nutrients as a food 
source (e.g., nitrogen and potassium). Also, the removal of metals from the 
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floodwaters maintains proper water quality in downstream ecosystems. This can be 
seen in many studies conducted on wetland ability to remove elements and 
compounds (Lowrance et al., 1984; Petetjohn and Correll, 1984; Cooper et al., 1987; 
DeLaune et al., 1996; Harrington and Mcinnes, 2009). Once the water is in the 
wetland it is absorbed by several biogeochemical processes: complexation, chemical 
precipitation, denitrification, adsorption, decomposition, hydrolysis, and removal by 
vegetation (Johnston, 1991; Wilder and Roberts, 2002). According to Ainslie et al. 
( 1999) there are several different ways to model variables for this function (Table 7). 
Table 7 
Model Variables for Removal of Elements and Compounds 
Model Variable Description of variables 
Flood frequency How often the stream channel capacity is exceeded. 
Depth to water table Compares the depth to the water table to the seasonally 
high water table level. 
Redoximorphic features Shows the reduction and oxidation history of the 
wetland. 
"0" and "A" horizon biomass Represents the total mass of the 0 and A horizons. 
(Ainslie et al., 1999) 
Retain Particulates 
This function of a wetland is defined as the ability to remove and retain 
particles (organic and inorganic) from the water column, which generally occurs 
during a flood event (Ainslie et al. , 1999). This is an impot1ant function for many 
reasons. The first reason this is important is the deposition of sediment helps with 
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nutrient buildup within wetlands, which ~s vi~al to the plant community (Ainslie et al., 
1999). Another reason this function is important is that when organic material is built 
up it aids in decomposition, recycling of nutrients, and food for certain biota. The last 
and most obvious reason is that the build up of sediments in wetlands leads to less 
sediment load transported downstream (Wilder and Roberts, 2002). According to 
Moiinas et al. (1988) there are three key means of water and sediment movement: l ) 
channel flow, 2) flooding, and 3) overland flow. The ability of a stream to transport 
sediment is dependent on the particle size and energy of the flow within the wetland 
during a flood event. The model variables for particle retention are seen in Table 8. 
Table 8 
Model Variables for the Ability of a Wetland to Retain Particulates 
Model Variable 
Flood frequency 
Floodplain storage 
volume 
Floodplain roughness 
(Ainslie et al., 1999) 
Description of variables 
How often the floodwaters over flow the stream channel 
to cover the wetland. 
Is the volume of area available for flood waters to spread 
out so to slow water velocities. 
Shows how the water velocity is controlled by the 
roughness of the surface of the floodplain. 
MPRC-H Field Methods 
CHAPTER IV 
METHODOLOGY 
Field Methods 
In 2005, shortly after the plume occurred, a field crew conducted a 
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investigation of the effected area. The purpose of the study was to determine and 
map the extent of damage that occurred in and around the MPRC-H. This 
unpublished study has been used in creating a base line for this study of the natural 
remediation changes in and around the MPRC-H. During the field investigation it 
was evident that the sedimentation event filled in numerous wetlands within the 
MPRC-H along with areas outside the MPRC-H. Dw-ing the 2005 study the aerial 
extent, the thickness of sediment, and the types of biota present were determined, 
photographed and documented. The present study was conducted on selected 
impacted areas because: 1) the wetland needed to be accessible because of military 
operations, 2) a detailed baseline study needed to be done, which was accomplished 
by the initial field study by the USM field crew, and 3) the area needed to be 
significantly impacted so the impacts could be readily identified. This limited the 
choices to one area outside of the MPRC-H that was impacted by the event (Figw-e 
I 0). ln the present study the sediment plume was revisited to detetmine the natural 
changes that had taken place along with the effects the sediment infill had on wetland 
functions. 
Adversely affected wetlands outside of the 
MPRCH construction area 
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Figure 10. Area chosen outside of the MPRC-H to conduct the 2009 study. 
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The sediment plume was remapped to determine the areal and plume depth 
changes that had occmTed. This was done by using a hand-held Garmin GPS and a 
soil probe to determine the sediment plume thickness. The soil probe that was used is 
45 em in length, and the soil profiler was 26 em in length and l 0 em in width. The 
sediment plume material is easy to identify in the field because of the contrast it has 
against the underlying dark gleyed wetland soil (Figures 11-12). This was then 
compared to the 2005 plume in ARC View to determine the change in areal extent. 
During the field studies photos and notes were taken for comparison to the data from 
the 2005 study. To determine the areal extent of the sediment plume, the edges of the 
plume were walked. Using a soil probe the exact edge of the plume was determined 
and marked with the hand held GPS. The transect locations where keep as close as 
possible to the original 2005 transects to maintain consistency. 
Fi?ure I I. Soil profile of the sediment infill deposited on top of the gleyed wetland 
sot l (the soil profile dimension is 26cm in length and I 0 em in width). 
Figure 12. Soil profile of sediment in fill deposited on top of the gleyed 
wetland soil (the soil profile dimension is 26 em in length and 10 em in 
width). 
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Geochemistry and groundwater data were collected by means of a PVC 
piezometer that was installed in the summer of2009. The piezometer was 
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constrUcted from 2 by 0.05 meters diameter PVC pipe that had slits cut on the bottom 
46 em to allow the movement of subsurface water. Due to the intensity of training 
and, therefore, limited access only one piezometer was installed in the MPRC-H 
(Figure 13). The hole for the piezometer was dug about 1 meter deep and 0.69 meters 
wide. The piezometer was placed into the hole and filled within 15 em of the surface 
with well so1ted gravel, and then bentonite filled the rest to seal the top from overland 
flow during flood events. Subsurface water samples were collected to compare to the 
CCMA, which was used as a reference wetland, according to the HGM approach. 
The samples were collected with a bailor that was cleaned with distilled water and 
nitric acid to preserve the integrity of the samples. To conduct the geochemical 
analysis, I 000 ml of sample was collected and stored in EPA-approved plastic 
containers with 5 ml of nitric acid to preserve the elements during transportation. 
Infiltration rates were measured for comparison with the reference wetland to 
determine if the sediment infill affected the rate at which surface water infiltrated the 
substrate. The infiltration rates were measured with a Turf-Tee infiltrometer. 
Infiltration rate measures the amount of water that can move through a medium over a 
period of time. This is usually measured in millimeter per hour (mm/ru·) so it can be 
related to penneability. Four sites where chosen in both the MPRC-H and CCMA, 
with the measurements conducted on both sides of the main channels, approximately 
30 meters from the channels edge. Also, sediment samples were collected to conduct 
soil moisture content measurements. 
legend 
• MPRCH Piez ometer 
- Upper Davis Creek Trtbutary 
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Figure 13. Location of MPRC-H wetland piezometer used for the collection 
of the groundwater samples (2004 CIR Imagery) . 
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Cypress Creek Mitigation Area Field Methods 
Because no extensive work was done in the MPRC-H wetland before the 
sedimentation event it was important to find a wetland to use as a control site with 
which to compare the data to. This type of wetland is commonly referred to as a 
reference wetland, and the CCMA serves this function for this study. The CCMA 
was chosen because it has the same types of vegetation and soils, has not been 
affected by anthropogenic activity and is the same type of wetland. To conduct the 
geochemical and groundwater comparison there were a number of piezometers 
installed in the CCMA to monitor the water table fluctuations, but only one was used 
to collect the groundwater samples for geochemical analysis (Figure 14). 
0 135 270 
Figure 14. Location of the CCMA piezometer used to collect the 
groundwater sample (2004 CIR Imagery) . 
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The piezometers where constructed and installed using the same techniques 
that were used in the MPRC-H piezometer installation. During the piezometer 
installation, photographs were taken to document the process (Figures 15-17). The 
groundwater samples were collected using the same techniques that were used in the 
MPRC-H sample collection, in order to maintain consistency. 
Figure 15. Sediment removed during the piezometer; note the gleyed soil and 
redox features (mottling). 
Figure 16. Crayfish bwTows within the CCMA (2009). 
~ 
Figure 17. Installed piezometer in the CCMA (2009). 
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Laboratory Methods 
Chemical Analysis 
One groundwater sample was collected from both the MPRC-H wetland and 
ccMA and sent to a lab for analysis. The samples were analyzed with an Inductively 
Coupled Plasma-Atomic Emission Spectrometer (ICP-AES) to determine the contents 
of35 elements in parts per billion (ppb ). The laboratory complies with 
Environmental Protection Agency (EPA), the National Institute for Occupational 
Safety and Health (NIOSH), and the American Industrial Hygiene Association 
(AIHA) protocols to ensure proper analyses are conducted. Generally ppb is not an 
excepted unit to use for the presentation of geochemical results, but because the data 
are only being used for a comparison, the units were not changed. 
Sediment Analysis 
The sediment samples collected during the infiltration measurements were 
weighted before being dried overnight in an oven at 1 05 degrees Celsius to remove all 
the water from the samples. After 24 hours the samples were weighted again to 
determine the percentage of water in the samples. Approximate grain-size 
distributions were determined by observation and the following steps performed: A 
small soil sample is placed in the palm of one' s hand, applying water and kneading it 
until it has the consistency of putty. If the soil did not remain in a ball after this step 
was complete, it is considered to be a sand (0-l 0% clay). If it stayed intact it was roll 
it into a thin ribbon if it did not fonn a ribbon it was classified as a loamy sand (6-
15% clay). If the soil forms a ribbon less than one inch long before breaking it can be 
a sandy loam, silt loam, or a loam depending on the how gritty the sample feels (0-
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27% clay). If the ribbon did not break at one to two inches it is a sandy clay loam, 
silty clay loam, or a clay loam depending on feel (20-40% clay). If the ribbon reached 
two inches or longer it is sandy clay, silty clay, or clay dependent on texture of the 
material (35-100% clay) (Wilder and Roberts, 2002). All of the samples analyzed in 
the field were taken from the halfway point of the sediment plume profiles. 
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CHAPTER V 
RESULTS AND DISCUSSION 
Comparison of the 2005 and 2009 MPRC-H Studies 
This section will illustrate the damage that occurred after the 2005 sediment 
event and compare that data to the present, 2009, conditions within the MPRC-H and 
the adjacent MPRC-H wetland area. During the 2005 study of the sediment infill 
photographs were taken within the MPRC-H to catalogue the damage that occurred 
(Figures 18-23). 
Figure 18. Sediment spilling over sediment dam; taken on the west edge of 
MPRC-H facing east (February 2005). 
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Figure 19. Sediment deposits in wetland study area; taken on the west edge of 
MPRC-H facing east (February 2005). 
Figure 20. Erosion gully behind a ruptured sediment dam; taken facing 
northeast away from wetland area (February 2005). 
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Figure 21. Sediment eroding into the MPRC-H wetlands on the west side of the 
MPRC-H; facing north (February 2005). 
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Figure 22. Erosion of a firing lane on the western edge of the MPRC-H; facing 
east (February 2005). 
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Figure 23. Gully forming under the installed geofabric; was taken on west side of 
MPRC-H facing east (February 2005). 
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Within the infill wetland adjacent to the MPRC-H, photographs were taken to 
catalogue the extent of damage. Photographs from before the event occurred, in 
2001 , are compared to images shortly after the event to show the changes in surface 
soil, vegetation, and stream turbidity (Figures. 24-29). 
Figure 24. Photograph taken before the erosion event in 2001 of the upper Davis 
Creek tributary; facing east toward the MPRC-H (October 2001). 
Figure 25. Photograph of the wetland ground with leaf litter; taken before the 
event in 2001 (October 2001). 
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Figure 26. The upper Davis Creek stream channel and bank before the event in 
2001; facing east toward the MPRC-H (October 2001). 
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Figure 27. The stream bed of the upper Davis Creek tributary in 2001 ; before the 
erosion event (October 2001 ). 
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Figure 28. Upper Davis Creek tributary stream channel and wetland sutface after 
the erosion event in 2005; note the lack of small vegetation; facing east toward the 
MPRC-H (March 2005). 
Figure 29. Surface of wetland after the sediment event in 2005; note the lack of 
small vegetation (March 2005). 
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In the 2005 sediment study photographs there is an absence of small 
vegetation (i.e., Sphagnwn moss) and biota (i.e., crayfish), which have returned to the 
wetland ecosystem since the perturbation (Figures 30-31 ). The type of crayfish found 
in CSTS wetlands is called the Camp Shelby Burrowing Crayfish and is protected 
under a Candidate Conservation Agreement. There was also a pitcher plant 
population before the event occurred but there has been none noted after the sediment 
infill (personal communication with Tommy Dye Jr.). The cause of this is thought to 
be because of the sensitivity these biota have to external change and their dependence 
on the near-surface soil substrate. Although there was a noticeable change in the 
smaller vegetation there was no change in the slu·ub and tree plant population. The 
larger plants survived because of their hardiness, ability to adapt to change, and their 
lack of dependence on the near surface soil substrate. 
Figure 30. Sphagnum moss within the wetland site; taken during the 2009 field 
study. 
Figure 31. Crayfish burrow within the wetland site; taken during the 2009 field 
study. 
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Not only were the effects seen within the MPRC-H wetland, but the erosion event led 
to a drastic increase in turbidity within the Davis Creek tributary and subsequent 
downstream tributaries. The exact turbidity amounts are outside the scope of this 
study but the visual effects can be seen in (Figures 32-33). It is also interesting to 
note that even after the sediment control structures were repaired and/or replaced 
there, were still increases in turbidity seen almost two years after the event in late 
2006 (Figures 33-37). Figures 36 and 37 are taken in same location with, and Figures 
38 and 39 were taken about 6 kilometers downstream from the MPRC-H outside of 
CSTS. 
Figure 32. View upstream of Davis Creek tributary; facing east into the MPRC-
H wetland (February 2005). 
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Figure 33. View downstream of Davis Creek tributary; facing west away from 
MPRC-H wetland (February 2005). 
Figure 34. View upstr~am of Davis Creek tributary under normal 
conditions; facing east toward the MPRC-H wetland (October 2006). 
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Figure 35. View upstream of Davis Creek tributary after a st01m event; facing 
east toward the MPRC-H (October 2006). 
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Figure 36. Davis Creek tributary as it exits CSTS on Rifle Range Road under 
normal conditions; facing southeast (October 2006). 
Figure 37. Davis Creek tributary as it exits CSTS on Rifle Range Road after a 
storm event; facing southeast (October 2006). 
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2oo5 Plume Description 
The sediment plume area was mapped to determine the aerial and cross-
sectional extent within the wetland. The plume was mapped by using a hand-held 
GPS to record the aerial extent. The locations of the thickness measurements were 
marked with a soi l probe/soi l profiler. In 2005 the plume was mapped for aerial 
extent and it was determined that the plume covered an area of 7.9 hectares (Figure 
38). Many points were taken within the plume area to determine thickness, but five 
transects were made across the plume to give an overall picture of the thickness 
(Figure 39). The thickness for the five transects can be seen in Tables 9-13. 
CJ MPRC H Boundary 
- 2005 Sediment Plume Aerial Extent 
0 80 160 320 Meters 
Figure 38. Aerial Extent of sediment plume in 2005 (2004 CIR 
Imagery). 
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Legend 
c:::J MPRCH Boundary 
.. 2005 Sediment Plume Aerial Extent 
0 60 120 240 Meters 
Figure 39. Sediment plume thickness measurements and transects locations 
for the 2005 and 2009 studies (2004 CIR Imagery). 
Table 9 
2005 Plume Thickness at Points for Transect 1 with the Thickness Numbered from 
North to South on Figure 41 
Thickness Measurement Number Thickness (em) 
1 0 
2 1 
3 5 
4 5.9 
5 10 
6 7.7 
7 5.6 
8 3.8 
9 5.2 
10 
ll 0 
Average Thickness 4.1 
(The first being the northern-most point and last being the southern-most 
measw-ement). 
54 
Table 10 
2005 Plume Thickness at Points for Transect 2 with the Thickness Numbered from 
North to South on Figure 41 
Thickness Measurement Number Thickness (em) 
0 
2 5.2 
3 9.6 
4 12.5 
5 13.3 
6 6.5 
7 3.1 
8 5 
9 7.5 
10 9 .8 
11 4.5 
12 13.9 
13 10.8 
14 11.2 
15 0 
Average Thickness 7.5 
(The first being the northern-most point and last being the southern-most 
measurement). 
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Table 11 
2005 Plume Thickness at Points for Transect 3 with the Thickness Numberedfrom 
North to South on Figure 41 
Thickness Measurement Number Thickness (em) 
0 
2 2.6 
3 6.8 
4 11.2 
5 10.3 
6 8.6 
7 8.2 
8 8.1 
9 8.6 
10 5.5 
11 8.1 
12 0 
Average Thickness 6.5 
(The first being the northern-most point and last being the southern-most 
measurement). 
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Table 12 
2005 Plume Thickness at Points for Transect 4 with the Thickness Numbered from 
North to South on Figure 41 
Thickness Measurement Number Thickness (em) 
1 0 
2 7.2 
3 8.6 
4 9 
5 5.3 
6 10 
7 14.4 
8 12 
9 11.2 
10 10.5 
11 8 
12 6.2 
13 4 
14 1.3 
15 0 
Average Thickness 7.2 
(The first being the no11hem-most point and last being the southem-most point) 
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Table I3 
2005 Plume Thickness at Points for Transect 5 with the Thickness Numbered from 
North to South on Figure 41 
Thickness Measurement Number Thickness (em) 
0 
2 6.5 
3 14.8 
4 I4.9 
5 I5 .2 
6 I0.6 
7 8.5 
8 5.3 
9 7.4 
IO 5.8 
II 3.6 
12 1.3 
I3 0 
I4 0 
Average Thickness 6.7 
(The first being the northern-most point and last being the southern-most point) 
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2009 Plume Description 
In 2009 the plume was remapped to determine how much change had 
occw-red as a result of fluvial and runoff processes within the wetland. To map the 
plume a soil probe and hand-held GPS were used to map the aerial extent and the 
thickness of the sediment plume, which is consistent to the method used during the 
2005 field study. The plume was mapped for its change in aerial extent and it was 
determined that the plume had shrunk in size by 39% from 7.9 hectares to 4.6 
hectares (Figure 40). The five transects were remapped to determine how much the 
sediment plume depth had changed since 2005 by using shape files Uploaded onto the 
hand-held GPS. There was a significant decrease in sediment plume thickness over 
the whole area of the plume (Tables 14-18). The decrease in the plume thickness is 
attributed to two causes; 1) the removal of the sediment in fill by fluvial and overland 
nmoff processes, and 2) the compaction of the sediment infill. In the northernmost 
drainage, next to the MPRC-H boundary, there was actually an increase in the 
sediment thickness, with some thicknesses on the order of 52-58 centimeters (Figure 
41 ). The average plume thickness for the 2005 and 2009 plume transects can be seen 
in Table 19. This is thought to have occurred due to topographic differences in the 
floodplain providing areas for the accumulation of sediment. The sediment in fill that 
has not been removed at this time by natural means may never completely leave the 
system. Since the initial deposition occurred in 2005 it has taken the MPRC-H 
wetland four years to begin to retum to its natmal conditions. 
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Legend 
- 2005 Sediment Plume Aerial Extent 
- 2009 Sediment Plume Aerial Extent 
D MPRCH Boundary 
0 60 120 240 Meters 
Figure 40. Comparison of 2005 and 2009 sediment plumes aerial extent; there 
has been a 39% decrease in aerial size (2004 CIR Imagery). 
Table 14 
Thickness at Transect 1 for the 2009 Plume 
Thickness Measurement Number 
2 
3 
4 
5 
6 
7 
8 
9 
10 
ll 
Average Thickness 
Thickness (em) 
0 
0 
0 
4.2 
8. 1 
4.1 
3.2 
1.5 
0 
0 
0 
1.9 
61 
Table 15 
Thickness at Transect 2 for the 2009 Plume 
Thickness Measurement Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Average Thickness 
Thickness (em) 
0 
0 
0 
0.6 
6.2 
4.1 
2 
6 
3 
1.5 
1.3 
0.9 
0 
0 
0 
1.7 
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Table 16 
Thickness at Transect 3 for the 2009 Plume 
Thickness Measurement Number 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Average Thickness 
Thickness (em) 
0 
0 
0 
9 
8.2 
6.5 
6.8 
6.1 
6.3 
4.1 
0 
0 
3.9 
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Table 17 
Thickness at Transect 4 for the 2009 Plume 
Thickness Measurement Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
Average Thickness 
Thickness (em) 
0 
0 
0 
0.9 
2.5 
6 
9.2 
8 
7 
5.6 
4.2 
3.2 
1.5 
0 
0 
3.2 
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Tabl~ . 18 
Thickness of Transect 5 for the 2009 Plume 
Thickness Measurement Number 
.1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Average Thickness 
Thickness (em) 
0 
0 
9.2 
9.6 
8.5 
4.3 
0 
0 
0 
3.6 
3. 1 
0.6 
0 
0 
2.8 
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Figure 41. Location of increased sediment thickness (2004 CIR Imagery) 
Table 19 
Average Plume Transect Thicknesses for 2005 and 2009 with Decreases in the 
Thicknesses 
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Transect 2005 Plume (em) 2009 Plume (em) Decreases( em) 
4.1 1.9 2.2 
2 7.5 1.7 5.8 
3 6.5 3.9 2.6 
4 7.2 3.2 4 
5 6.7 2.8 3.9 
Averages 6.4 2.7 3.7 
Comparison of Data between the Wetland Sites 
Geochemical Comparison of Ground Water Composition 
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It is important to note that the main purpose of this thesis is not to conduct a 
study on the geochemistry of wetlands, but to show the differences of several 
properties between the two sites. The geochemical results show the levels of trace and 
minor elements in the groundwater. The results of the comparison between the 
MPRC-H and the CCMA area show significant differences. The MPRC-H showed 
noticeably higher levels of calcium, manganese, silica, sodium, and sulfur which can 
be seen in Figure 42 and the Appendix. The geochemistry of wetlands groundwater 
is dependent on many different processes as discussed in chapter three. So when any 
of the processes that occur within wetlands are disturbed, as they were in the MPRC-
H wetland, there will be a change in the chemical makeup of the groundwater. The 
main cause of the differences seen in the geochemical data is because the MPRC-H 
wetland has lost its "A" and "0" horizons. The "A" and "0" horizons are the 
medium in which oxidization reactions occur, because of their aerobic conditions. 
Due to this the soil layers facilitate a majority of the subsurface wetland soil chemical 
reactions. Another reason the differences are seen is thought to be due to the loss of 
some of the wetland grasses and ferns. Which would uptake some of the nutrients 
that are produced in the "A" and "0" horizons. 
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Sediment Results 
After conducting the sediment analysis on both of the wetlands sites the 
percent water in the soil ranged from 38 to 42 percent for both of the MPRC-H 
wetland and the CCMA. The CCMA and the MPRC-H wetland soils were classified 
visually in the field. Several locations throughout the CCMA were chose to conduct 
the field texture tests (Figure 43). The soil samples from the CCMA indicated that 
the soil texture ranged from Loam to Clay loam, with the field test indicating the 
percentages of clays ranged from 15-30%. A large portion of the field test conducted 
in the CCMA show a Silty Clay Loam. There were several locations in the MPRC-H 
wetland chosen to conduct the soil texture field test (Figure 44). The sediment infill 
that has settled out into the wetland since the start of the erosion event in 2005 is 
mainly clay in texture. Although a vast majority of the sediment plume is clay, there 
were three locations (Figure 44) that were dominated with sand. This probably 
occurred due to a couple factors: 1) the proximity to the MPRC-H source area, which 
is an area of higher energy during flood event, and 2) they were low topographic 
areas that allow the accumulation of sand size material. The wetland soil that is 
located underneath the sediment is composed mainly of Silty Clay Loam like that of 
theCCMA. 
Legend 
• Sandy Clay Loam 
• Loam 
0 Silty Clay Loam 
-- Cypress Creek Tributanes 
CJ Cypress Creek Wetland Boundary 
0 105 210 420 Meters 
Figure 43. Location ofCCMA soil texture field test (2004 CIR Imagery). 
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0 Sand 
e Clay 
- Sediment Plume Aerial Extent 
c::J MPRCH Boundary 
0 55 110 220 Meters 
Figure 44. Location ofMPRC-H wetland soil texture field test sites (2004 
CIR Imagery). 
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Infiltration Results 
The CCMA had four infiltration rate measurements conducted, two on the 
north side of the Cypress Creek tributary and two on the south side of the tributary 
(Figure 45). The infiltration rates are listed in Table 20 . 
• 
LocatiOn A 
• Location B A Locat1on C 
• Locat1on 0 
- Cypress Creek Tnbutaries 
CJ Cypress Creek Wetland Boundary 
0 90 180 360 Meters 
Figure 45. Infiltration rate measurement locations in the CCMA (2004 CIR 
Imagery). 
72 
Table 20 
The Infiltration Rates of the Locations within the CCMA 
Location Infiltration Rate (nun/hr) 
A 12.2 
B 11.6 
c 13.2 
D 12.8 
Average Rate 12.45 
The MPRC-H wetland infiltration rates were taken in the same relative 
location to the main stream channel as in the CCMA (Figure 46) (Table 21) . 
• Ll)( e~<Of"A 
• l O< .)t fW\8 
.. l M .l' :-.n C:. 
e I Dl'.~t ~n 
0 5S 110 
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Figure 46. Location of infiltration measurements in the MPRC-H wetland (2004 CIR 
Imagery). 
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Table 21 
Infiltration Rates of the Locations within the MPRC-H Wetland 
Location Infiltration Rate (mmlhr) 
A 3.6 
B 2.7 
c 1.8 
D 2.4 
Average Rate 2.7 
How the Function of the MPRC-H Wetland Was Impacted 
The geochemical data shows that the MPRC-H wetland had higher levels in 
its groundwater samples of the minor and trace elements; calcium, manganese, silica, 
sodium, and sulfur. This is an indication that the MPRC-H wetland has lost its ability 
to remove these constituents by natural processes; due to the loss of the "A" and "0" 
horizons. The field soil texture analysis revealed that the MPRC-H wetland is 
dominated by clays. This can lead to a change in the subsurface hydrology and 
hinder the ability to slow floodwaters. This clay layer has led to decrease in 
infiltration and permeability rates, which will cause overland flow to leave the system 
at a greater velocity rather than slowly infiltrate into the wetland soil. There was a 
loss of some species ofvegetation within the MPRC-H. Vegetation is useful in 
retaining floodwaters because of the loss of surface roughness, and vegetation is also 
useful in the uptake of minor and trace elements as food sources. As stated earlier, 
these are a few of the main functions of riverine wetlands, and all of which have been 
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changed in the MPRC-H wetland. The decrease in the wetland's ability to carry out 
these functions is attributed to a few changes that the wetland underwent: 
1) The MPRC-H wetland lost its "0" and "A" horizons, which are the upper 
organic rich layers that conduct the vast majority of the aerobic oxidation 
chemical reactions. This has led to a decrease in the wetland's function of 
filtering minor and trace elements as it infiltrates into the subsurface. 
2) The change in the sediment grain size due to the erosion of the construction 
material has left the wetland with an over-abundance of clay particles. This 
clay layer has not only disrupted the wetlands natural subsurface hydrology it 
also has led to the inability to retard floodwaters. This clay sediment has 
created a layer of very low permeability which does not allow water to 
infiltrate into the water column at rates seen in the CCMA, but instead forces 
the water to exit the system at a faster rate as overland flow. 
3) The loss of vegetation contributes to a decrease in the wetland's ability to 
remove minor and trace elements because of the vegetation' s ability to uptake 
and use some elements for food sources. Also, with the loss of the near 
surface vegetation the wetland loses some of its ability to retain and control 
flood water due to the lack of surface roughness. 
CHAPTER VI 
CONCLUSIONS AND RECOMMENDATIONS 
Conclusions 
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1. Wetlands perform vital roles in ecosystems by performing many different 
functions, which are different dependent on the type and location of wetlands. 
Due to the sensitivity of wetlands to change, there is a need to understand the 
effects that anthropogenic activity can have on these ecosystems. 
2. The poor placement and upkeep of sediment control structures during the 
construction of the MPRC-H at CSTS led to erosion and the transport of 
sediment into numerous wetlands in and around the construction area. After 
the event occurred it was decided to allow the wetland to mitigate itself by 
natural means instead of anthropogenic means. 
3. The fluvial, overland runoff processes, and compaction of the sediment infill 
within the MPRC-H wetland have led to a reduction in the extent and 
thickness of the sediment plume. Even with this removal of some of sediment 
infill the remainder of the in fill may not be removed by natural means in 
timescales of human and engineering interest. 
4. The ability of this wetland to perform n01mal wetland functions has been 
impeded by the introduction of the foreign sediment. This has been shown 
with the use of a reference wetland from the CCMA located at CSTS. The 
wetlands had their groundwater geochemistry, infiltration rates, and wetland 
soil textures and types compared to show the differences. 
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5. The differences that were seen were correlated to some of the main functions 
of a riverine wetland based on the HGM approach. The functions that were 
affected in the .l'v1PRC-H wetland are: 1) the ability to retain minor and trace 
elements, 2) maintaining subsurface hydrology, 3) and the ability to slow and 
retain floodwaters. 
6. After conducting this study it has become evident that either to allow wetlands 
to naturally recover or employ anthropogenic techniques is dependent on 
several factors: 1) the size of the wetland ecosystem, 2) the extent of damage, 
3) the timeline needed for recovery, 4) will the effects of anthropogenic 
remediation out way the effects of doing nothing, 5) and the number of 
functions it performs. The need for the use of anthropogenic mitigation 
should be directly proportional to factors 1, 2, 4, and 5. 
Recommendations 
1. This wetland is still in the process of recovery from this sediment infill event, 
so it should continue to be monitored and studied. 
2. The continuation of this study could lead to a better understanding to the 
recovery processes wetlands undergo after being affected by anthropogenic 
activity. 
3. Future studies should use more than one reference wetland to have more for 
comparison to eliminate any anomalies that may occur. 
4. If other studies are conducting using the same techniques an index could be 
established to determine when anthropogenic remediation should be used. 
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APPENDIX 
RESULTS OF THE GEOCHEMICAL ANAL'(SIS IN PARTS PER BILLION (PPB) 
MPRCH MITIGATION SITE 
Elements Measurement (ppb) Elements Measurement (ppb) 
Antimony (Sb) 0.03244 Antimony (Sb) -0.04434 
Aluminum (AI) 3756.4 Aluminum (AI) 4106 
Arsenic (As) 4.38 Arsenic (As) 1.4645 
Barium (Ba) 97.209 Barium (Ba) 93.869 
Beryllium (Be) 2.872 Beryllium (Be) 0.01601 
Boron (B) 6.7187 Boron (B) 1.6671 
Cadmium (Cd) 0.48743 Cadmium (Cd) -0.02573 
Calcium (Ca) 26992 Calcium (Ca) 6199.4 
Chromium (Cr) 7.2918 Chromium (Cr) 4.2977 
Cobalt (Co) 244.78 Cobalt (Co) 5.317 
Copper (Cu) 12.58 Copper (Cu) 5.6935 
Lead (Ph) 5.5453 Lead (Ph) 6.8505 
Lithium (Li) 1.6159 Lithium (Li) 1.5883 
Magnesium (Mg) 2814.1 Magnesium (Mg) 1352.6 
Manganese (Mn) 1530.4 Manganese (Mn) 183.86 
Molybdenum (Mo) -0.00109 Molybdenum (Mo) -0.04766 
Nickel (Ni) 135.72 Nickel (Ni) 3.1502 
Potassium (K) 972.449 Potassium (K) 385.7 
Phosphoms (P) 111.42 Phosphorus (P) 60.839 
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Selenium (Se) -0.2123 Selenium (Se) 0.40878 
Silica (Si) 17792 Silica (Si) 8507.8 
Silver (Ag) 0.24442 Silver (Ag) -0.43358 
Sodium (Na) 8359.5 Sodium (Na) 2380.3 
Sulfur (S) 26702 Sulfur (S) 743.43 
Thallium (Tl) -0.06084 Thallium (Tl) -1.4762 
Tin (Sn) 0.6951 Tin (Sn) 0.8566 
Titanium (Ti) 27.646 Titanium (Ti) 26.691 
Zinc (Zn) 97.15 Zinc (Zn) 24.942 
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